REMARKS 

Favorable reconsideration is respectfully requested. 

Upon entry of the above amendment, the claims will be 1, 3, 7 to 14 and 17 to 26 
with claims 20 to 26 being withdrawn from consideration. 

The above amendment is responsive to points set forth in the Official Action. 

In Official Action, page 3, Claims 1, 3, 7-14 and 16 have been rejected under 35 
U.S.C. 103(a) as being unpatentable over PCT Publication No. WO 94/09055 (PCT '055) 
in view of PCT Publication No. WO 00/08087 (PCT '087) and Mas et aL article. 

As for PCT '055 and PCT '087, Applicants reiterate their comments dated 
January 22, 2004. 

With regard to Mas et al. article, the rejection sates that it is unclear whether 
Japanese priority applications 2001-31763 (February 8, 2001), 2001-53204 (February 27, 
2001) and 2001-66440 (March 9, 2001) antedate the reference since the month and day of 
publication are not indicated in the abstract. 

Attached herewith is a copy of Mas et al. article. As is seen on the left upper 
portion of its cover page, this Mas et al. article was published on August 30, 200 K which 
is later than the filing dates of the above-mentioned three Japanese priority applications. 

Therefore the Mas et al. article cannot be prior art against the present application. 

Verified English translations of the above-mentioned three Japanese priority 
applications are enclosed. 

In Official Action, page 4, the rejection states, "...Claims 1,3 and 7-14 requiring 

as much as 5 parts by weight of zinc triflate without the affirmative inclusion of water is 

not accorded the earlier filing dates of Japanese priority documents." 

. In Official Action, page 5, the rejection further states: 

"...the evidence is not commensurate in scope with the claimed proportion 
range of from 0.01 to 5 parts by weight of zinc triflate which are orders of 
magnitude broader than the tested amounts of 0.2, 0.5, 1.0, 1.5 and 3 parts 
by weight." 

In reply the above amendment to Claim 1 is fully supported by Applicants' 
Japanese priority documents e.g. 2001-31763 at page 4, lines 9 and 10 of the English 



5 



translation, 2001-66440 at page 5 5 lines 15 to 21 and 2001-53204 at page 11, lines 7 and 
8. 

Claims 17-19 have also been rejected under 35 U.S.C. 103(a) as being 
unpatentable over PCT 6 087 and PCT '055 in view of Kitabatake et al U.S. Patent No. 
6,369,133 and Japanese Patent No. 4-359075. 

As for Kitabatake et al. and JP No. 4-359075 please see Applicants comments in 
the response of January 22, 2004. 

Incidentally, the U.S. filing date (March 2, 2001) of Kitabatake et al. is later than 
the filing dates (February 8, 2001 and February 27, 2001) of the first two priority 
applications. Therefore, the English translations of the Japanese priority applications also 
antedate Kitabatake. 

No further issues remaining, allowance of this application is respectfully 
requested. 

If the Examiner has any comments or proposals for expediting prosecution, please 
contact undersigned at the telephone number below. 



MJ/kes 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 17, 2004 



Respectfully submitted, 



THE COMMISSIONER IS AUTHORIZED 
TO CHARGE ANY DEFICIENCY IN THE 
FEES FOR THIS PAPER TO DEPOSIT 
ACCOUNT NO. 23-0975 



Hisashi ISAKA et al. 




Matthew M. Jacob 
Registration No. 25,154 
Attorney for Applicants 
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Introduction 

Catalysts are important in polymerization processes 
because they decrease the activation energies and acceler- 
ate the reaction. They can be stimulated by heating or 
photoirradiation but, from the practical point of view, 
heating is the easier option; homogeneous heating of 
reaction mixtures can be achieved without difficulty. 10 
Moreover, elementary reactions are accelerated and the 
viscosity of the reaction mixture decreases. This shortens 
the reaction time, especially for systems in which the cur- 
ing rate is diffusion-determined. 

Among the new thermal initiators, sulfonium, ammo- 
nium, phosphonium and hydrazinium salts are described 
as latent initiators that can polymerize epoxide monomers 
by a cationic mechanism. The order of reactivity of the 
cationic salts also depends on the nature of the counter 
anions; Ct\ BFi", SbFc, PFj being the more active the less 
nucleophilic. Low nucleophilicity irrinimaes or prevents 
the reaction of the growing chain with the anion. 

It is well documented™ that the hard character and 
great oxophilicity of lanthanide compounds is highly 
improved in the case of lanthanide triflates because of the 



electron -withdrawing capacity of the anionic group, 
which can coordinate to the epoxide oxygens leading and 
weaken the C— O bond. The lanthanide trifluoromethane- 
sulfonate salts studied in this paper contain an anion with 
an extremely poor nucleophilicity. Therefore, very low 
proportions of chain-end processes are expected. More- 
over, this anion is more stable than ?Fi since it decom- 
poses to produce PF 5 and F~, which stops the chain from 
growing. 

The most widely used cationic polymerization catalysts 
in the field of epoxy technology have been the BF 3 /amine 
system. Epoxy formulations catalyzed by these com- 
pounds are relatively stable at room temperature and cure 
rapidly when exposed to high temperature. However, 
these amine complexes are not only generally hygro- 
scopic, but also the electrical properties of cured resins 
tend to deteriorate at high temperature and high humidity. 
Unlike BFa/amine complexes, lanthanide triflates are 
stable even in aqueous media and have a strong Lewis 
acid character. 

Cycloaliphatic epoxy resins have low viscosity and 
their curing resins are generally characterized by high 
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• deflection temperature (HDT) and excellent electrical 
properties but are poor in mechanical elongation and 
toughness because of their compact molecular structure. 
Cycloaliphatic epoxy resins are more reactive than gly- 
cidylic resins in cationic polymerization, since epoxy 
groups on cycloaliphatic moieties have a higher electro- 
nic density on the oxygen atom and therefore they prefer- 
ably polymerize by this mechanism. 

In a previous paper™ we studied the crosslinking of 
DGEBA commercial resins with lanthanide triflates as 
initiators in order to test their effectiveness. We con- 
cluded that lanthanide triflates are stable and able to cure 
epoxy resins at moderate temperature even in very small 
proportions. To find out whether these catalysts are effec- 
tive for cycloaliphatic epoxy resins, even when an ester 
group with Lewis basic character is present in their struc- 
ture, we have made a kinetic study by the isoconversional 
method. Similarly, the materials have been characterized 
by thermogravimetric analysis (TGA) and dynamic 
mechanical analysis (DMTA) to evaluate their properties. 

Experimental Part 

Materials 

3,4-Epoxycyclohexylmethyl 3,4-epoxycycIohexane carboxy- 
late (Epoxy equiv. = 126 g/eq) (ALDRJCH) was used as 
received. 

Ynerbium(III), sanaarium(IIl), erbium(HT), and dysprosi- 
um(IH) trifluoromethanesulfoaates (ALDRJCH) and lanthan- 
um^) trifluoromethanesulfonate (ALFA AESAR) were 
used without purification. 

Solvents were purified by standard methods. 

The samples were prepared by dissolving the resin in 
methanol and rnixing it with the required amount of the 
selected triflate salt previously dissolved in dichloromethane. 
The solvents were evaporated at room temperature under 
vacuum. 

Characterization and Measurements 

Calorimetric studies were carried out on a Mettler DSC-821e 
thermal analyzer in covered Al pans under N 2 at various 
heating rates (5-20T/min). The calorimeter was calibrated 
using an indium standard (heat flow calibration) and an 
indium-lead-zinc standard (temperature calibration). The 
resin or the mixture of about 5 mg of known weight of the 
epoxy and the suitable amount of initiator was put into an 
aluminium pan. The kinetics of curing epoxy resins were 
evaluated using the kinetic software STAR of Mettler- 
Toledo. 

Thermogravimetric analyses were carried out with a Per- 
Mn Elmer TGA-7 system in N 2 at 2(TC/min. 

A Rheomctrics instruments dynamic mechanical thermal 
analyzer (DMTA) PL-DMTA MK3 was used to measure the 
storage modulus (£') and the loss factor (tan 6) of the cured 
epoxy samples with a post-cured treatment in an oven at 
IS0*C for 24 h. DMTA was used in the single cantilever 
tending mode at a frequency of 1 Hz. The width of the pris- 



matic samples ranged from 3 to 5 mm and their support 
spans were 5 mm. The thickness of the specimen ranged 
from 1.3 to 1.4 mm. Dynamic scans were performed from 
- 1 50 °C to 200 °C at a heating rate of 2 0 C/min. 



Results and Discussion 

Initiators have a great influence on the properties of the 
thermosetting materials. Mechanical characteristics, 
long-term stability, chemical resistance and electrical 
properties vary with the nature of the crosslinking reac- 
tion that depends on the type of catalyst. 

Cycloaliphatic epoxides react differently to glycidylic 
ones. Their order of reactivity with carboxylic acids, 
alcohols and amines is opposite to that of the glycidylic 
epoxides. 14 - 51 Similarly, it is known that cycloaliphatic 
epoxides have a higher reactivity with cationic hardeners 
than glycidylic ones.* 61 Cycloaliphatic resins have been 
used in caaonic-UV cure coatings, 171 leading to homopo- 
lymerization initiated by a photolytically generated 
superacid. These resins have also been crosslinked with 
canonic hardeners like BF 3 • MEA, 101 which have latent 
characteristics. This system has also been widely applied 
to the DGEBA resin, leading to networks with good 
mechanical strength. 191 However, the thermosetting mate- 
rials obtained from cycloaliphatic epoxy resins and this 
initiator does not have good thermal stability and electri- 
cal properties at very high temperatures. Moreover, 
BF 3 • MEA is difficult to handle as it is sensitive to 
humidity and causes corrosion problems during proces- 
sing/ 41 

In a previous paper' 31 we described the kinetic study of 
DGEBA epoxy resin with lanthanide triflates, a new ser- 
ies of Lewis acid catalysts. The thermosetting materials 
had good mechanical and thermal properties. Lanthanide 
triflates are stable at room temperature and soluble in 
organic compounds. The curing agent in the resin should 
be soluble because heterogeneous dispersions are liable 
to setde down or agglomerate during storage. It is also 
useful for manufacturing purposes to be able to form a 
solution containing both an epoxide and a curing agent. 

In this paper we have studied the curing of cycloalipha- 
tic epoxy resins with lanthanide triflates in order to over- 
come the above difficulties caused by the BF 3 • MEA sys- 
tem. 

The kinetic characterization of the new system is 
important not only to understand the structure-properties 
relationship better, bur also to optimize the process condi- 
tions and predict the behavior of the system at different 
temperatures and times of curing. 

Differential scanning calorimetry (DSC) is very useful 
for studying thermal characteristics and kinetic param- 
eters. Therefore, samples of cycloaliphatic epoxy resin 
(3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexane car- 
boxylate) containing the required amounts of lanthanum, 
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Figure 1. DSC plots of 3,4-epoxycyclohexylmethyl 3,4-cpoxycyclohexane carboxylate containing 1 phr of different 
lanthanide triflates and 3 phr of BFj • MEA as catalysts. 



ytterbium, samarium, dysprosium or erbium triflates were 
submitted to dynamic hearing to test their behavior. Dif- 
ferent amounts of the catalysts were used to find the most 
suitable percentage of hardener. 

For comparison studies, BF 3 - MEA was also studied at 
the same conditions, since it leads to a similar structure 
of the network. Figure 1 shows the DSC curves of the 
samples containing 1 phr (one part of catalyst per hun- 
dred of resin) of each lanthanide salt. The shapes of the 
curves are very similar; there are slight differences at 
temperatures before the maximum of the peak. The same 
figure shows the curve corresponding to the curing with 3 
phr of BF 3 ■ MEA. It must be mentioned that 1 phr of this 
catalyst is not sufficient to achieve the complete cure of 
the resin. 

Table 1 shows the values obtained from these curves. 
The temperature at which the crosslinking begins can be 
evaluated from the onset temperature, The onset tempera- 
tures of samarium and lanthanum are very close and 
slightly lower than the others. The temperatures of the 
maximum of the peak do not show great differences but 
samarium triflate has the lowest value. The enthalpies of 
the curing are evaluated by integrating the exotherm 
peak. Dysprosium triflate thus gives a more exothermic 



Table \. DSC data obtained from dynamic scans of 3.4-epoxy- 
cyclohexylmethyl 3,4-cpoxycyclohexane carboxylate containing 
1 phr of different lanthanide triflates, different amounts of 
lanthanum triflate and 3 phr of BF 3 • MEA as catalysts. 



Initiator 


Ink. 


AH 


T 

*■ onset 


T 

* max 


T K 




percent. 


kJ/rnoi 






°C 




phr 










Yb(OTf) 3 


1 


123 


117 


146 


56 


Sm(OTf) 3 


1 


100 


100 


139 


105 


Dy(OTf) 3 


1 


144 


120 


151 


91 


Er(OTf) 3 


1 


117 


114 


143 


88 


La(OTf) 3 


I 


118 


102 


146 


106 


La(OTf) 3 


1.5 


65 


82 


121 




La(OTf) 3 


0,5 


104 


115 


157 




BFjMEA 


3 


38 


117 


133 





curing reaction but does not lead to the highest T s value. 
In the most cases, the viscosity of the sample increases 
during the sample preparation process and some heat can 
be evolved. Therefore, a slight curing could take place 
before the curves are recorded. This makes the evaluation 
of curing enthalpies unreliable and it is therefore impossi- 
ble to establish an accurate relationship between the 
enthalpies and the J^s of the cured materials. Likewise, 
the cationic mechanism of the reaction can lead to the 
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Figure 2. DSC plots of 3.4-cpoxycyclohexyimcthyl 3,4-epoxycyclohexane carboxylate containing 
different amounts of lanthanum triflaie as catalyst. carooxyiate containing 



coexistence of parallel processes such as chain transfer 
reactions or depolymerization by "back-biting" to form 
cyclic oligomers.™ This may change the structure of the 
network and influence the T a values. Moreover, the heat 
evolved during the coordination of the catalyst to the oxi- 
rane ring could influence the value of measured enthalpy. 

At the same catalyst percentage (1 phr) t the BF 3 • MEA 
system does not show a high effectiveness since it leads 
to an uncured material with a very low T B value (-19°C). 
Higher amounts of the catalyst (3 phr) lead to cured mate- 
rial but a r g cannot be observed by DSC. However, the 
enthalpy evolved in this process is significantly lower 
than for lanthanide triflates. 

We also studied how the percentage of the catalyst 
affects the curing reaction and the thermal characteristics 
of the crosslinked material. Figure 2 shows the dynamic 
DSC curves from samples containing different percen- 
tages of lanthanum triflate. Higher proportions of the 
initiator lead to a shift of the peak maximum to lower 
temperatures. Table 1 collects the thermal parameters of 
these experiments. Both the onset and the maximum tem- 
peratures of the crosslinking decrease when the percen- 
tage of initiator increases, whereas the enthalpies and T 6 
values are difficult to rationalize. The higher reactivity of 
cycloaliphatic epoxy resins towards lanthanide triflates 
makes it unadvisable to use proportions of catalyst 
greater than 1 phr t because of the heat that evolves in the 
sample preparation can make their use in some applica- 
tions difficult. 



Technological applications of epoxy resins require the 
knowledge of time and processing temperature to com- 
pletely cure the material. The isoconversional kinetic ana- 
lysis of non-isothermal data is useful for predicting these 
parameters. Isoconversional kinetic analysis is based on 
the idea that the reaction rate at a constant conversion 
depends only on the temperature. 

For crosslinking processes as complicated as a cationic 
curing, which implies back-biting or chain transfer, a iso- 
conversional kinetic analysis provides better predictions 
than a kinetic analysis based on a single-step kinetic 
equation. If changes in the mechanism are associated 
with changes in the activation energy, they can be 
detected by the model- free isoconversional method. 1111 
This method is used to evaluate the dependence of the 
activation energy on the degree of crosslinking. Interpret- 
ing such dependencies is a useful application of this 
method. 11 * 

In a previous paper 131 we used this method to study the 
crosslinking of DQEBA with lanthanide triflates. In this 
paper we have used it to kinetically study the crosslinking 
of cycloaliphadc epoxy resins with the same type of 
initiators to compare the behavior of both types of resins. 

In Figure 3 E h is plotted against the conversion degree 
at different initiator percentages. This method causes the 
values in the first part of the curve to be highly inaccu- 
rate, since the formation of the active initial species may 
produce a variation in E & during the first steps of the reac- 
tion. In the last part of the curve a change from kinetic to 
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Figure 3. E % versus conversion degree for the curing of 3,4-cpoxycyclohexylmcthyl 3,4-epoxycy- 
clohexane carboxylate with different amounts of lanthanum triflate as catalyst. 




Figure 4. E % versus conversion degree for the curing of 3,4-epoxycyclohcxyLmethyl 
3.4-epoxycyclohexane carboxylate with different lanthanide inflates and BF 3 ■ MEA 
as catalysts. 



a diffusion-controlled curing can lead to unreliable results 
above 80% of conversion. As we can see, there are very 
few differences in the shape of the curves for the different 
percentages, which indicates that there are no great differ- 
ences in their mechanisms. The straight line, especially 
for 1 and 1.5 phr r indicates that there are no changes in 
the main process in this range. However, it must be men- 
tioned again that higher proportions of catalyst lead to a 



reaction at room temperature before the curves can be 
registered and some information at the beginning of the 
cure is therefore lost. The E k values are very similar 
(around 80 kJ/mol) and are comparable to those obtained 
from DGEBA experiments for lanthanum triflates. 

Figure 4 shows the curves of E a against conversion 
degrees obtained from each catalyst at 1 phr and from 
BF 3 ■ MEA at 3 phr. The curves for lanthanide triflates 
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Tabic 2. Predicted times of curing from isoconversional analy- 
sis for the curing of 3,4-epoxycyclohexylmethyl 3,4-epoxycyclo- 
hexane carboxylate containing 1 phr of different lanthanide tri- 
flates, different amounts of lanthanum inflate and 3 phr of BF 3 
MEA as catalysts. 



Catalyst 



Init. 
percent, 
phr 



Predicted time of curing in min 
80 9 C 100°C 120 9 C 140°C 



Yb(OT03 

Sm(OTf) 3 

Dy(OTf) 3 

Er(OT£) 3 

La(OTf) 3 

La(OTf) 3 

La(OT0^ 

BF3MEA 



1 
1 
1 
1 
1 

1.5 

0.5 
3 



147 


25 


5 


1 


50.5 


12 


3.5 


1 


>600 


191 


21 


3 


359 


45.5 


6.5 


1.5 


85 


19.5 


5 


1.5 


37 


8 


2 


0.5 


265 


55 


13 


3.5 


37 


12 


4 


1.5 



look similar, while the plot for BF 3 • MEA decreases until 
30-40% of conversion and increases at higher degrees of 
conversion. This agrees with the coexistence of different 
stages with different activation energies in the curing cat- 
alyzed with BF 3 - MEA. ll3J The variation of the E< with 
the conversion degrees is not significant for this series of 
lanthanide triflates. The E a values are very close for the 
triflates, but the lanthanum salt shows a slightly lower 
value than the others. 

We can predict the crosslinking degree from time and 
temperature of curing via the-isoconversional analysis. 
Table 2 shows the predicted times needed to reach a prac- 



tically complete curing at different temperatures for the 
different lanthanide triflates and BF3.MEA. The predicted 
times when different proportions of lanthanum salt were 
used are also given. 

We can see that when 1 phr of the catalyst is used, 
samarium salt is the most suitable catalyst at low curing 
temperatures. Dysprosium triflate needs longer times to 
reach the curing at all the temperatures studied. At 80 °C, 
for example, more than 600 min are necessary. Similarly, 
the higher the proportion of catalyst the higher the curing 
rate. Thus, at 80 °C only 37 min is necessary to reach the 
complete crosslinking with J . 5 phr of lanthanum salt. All 
the catalysts show their best effectiveness at high tem- 
peratures (120-140 Q C). The BF 3 .MEA system needs 
more catalyst to produce a comparable curing rate. 

A different reactivity order was found for similar 
experiments carried out with DGEBA as a resin. For gly- 
cidylic compounds the highest reactivity at low tempera- 
tures was for erbium triflate. [3] The different reactivity 
order for the two resins may be due to the different elec- 
tronic density of the two oxiranic oxygens. These can 
lead to a different coordination and a variation in the 
cationic character in the active species. Similarly, the dif- 
ferent coordinative abilities of lanthanide salts produce 
great variations in the reaction rate. Moreover, these 
experiments proved that with lanthanide triflates cycloali- 
phatic epoxy resins are more reactive than conventional 
DGEBA resins. 



Table 3 Predicted and measured times to reach a practically complete curing of 3,4-epoxycyclohexylmethyl 3.4-epoxycydohexane 
rystT ^ C ° n[aJmng 1 plu " of diffcrcnt lanthanide triflates, different amounts of lanthanum triflate and 3 phr of BF 3 MEA as cata- 



Catalyst 



Init. percent. 
phr 



Temperature 



Time Experimental 
min crosslinking degree 

% 



Predicted 
crosslinking degree 

% 



Yo(OTf) 3 
Sm(OTf) 3 
Dy(OTf) 3 

Er(OTf) 3 
La(OTf) 3 

La(OTf) 3 
La(OTf) 3 
BF 3 MEA 



1 
1 
1 
1 

1 

1.5 
0.5 
3 



80 
100 
120 
80 
100 
120 
80 
100 
120 
80 
100 
120 
80 
100 
120 
80 
100 
120 
80 
100 
120 
80 
100 
120 



11 

12 
4 
6 
8 
3 
6 
11 
11 
11 
12 
5 
11 
12 
5 
11 
5 
2 
20 
20 
12 
8 
7 
4 



25 
77 
95 
26 
77 

>95 
12 
54 
92 
25 
78 
94 
27 
79 
95 
56 
90 

>95 
8 
52 
94 
22 

73 

95 



25 
75 
90 
25 
75 
90 
10 
50 
90 
25 
75 
90 
25 
75 
95 
50 
75 
95 
10 
50 
90 
25 
75 
>95 
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Figure 5. Storage modulus (£') as a function of temperature for the cured 3.4-cpoxycyclohexyl- 
methyl 3,4-epoxycyc.lohexane carboxylate with the different catalysts. 



To test the accuracy of the isoconversional analysis in 
predicting the curing conditions, we performed isother- 
mal experiments at different temperatures and times. Iso- 
thermal scans of samples containing different catalysts 
were recorded for selected times. Then, in a second 
dynamic scan we evaluated the residual enthalpies. By 
comparing these enthalpies with those in Table 1, we cal- 
culated the curing degrees achieved in the isothermal 
scans. Table 3 shows the experimental and predicted cur- 
ing degrees at different conditions for all the catalysts. 
The good agreement between these values indicates the 
accuracy of the isoconversional method for making pre- 
dictions in this range. The shape of the curve in the 
BF 3 • MEA system made it impossible to prove the agree- 



ment between the predicted and the experimental degree 
of curing at 120 °C, since the residual enthalpy could not 
be accurately evaluated. 

Dynamic mechanical analyses of the cured samples 
were made to study the effects of curing initiators on the 
morphology of the network formed and on the viscoelas- 
tic and mechanical properties. 

In Figure 5 the storage modulus, is plotted versus 
temperature for the different lanthanide triflates. The stor- 
age modulus indicates the stiffness and elastic behavior 
of the materials. We can see that the drop of E* from the 
unrelaxed states to the relaxed states is not the same for 
all samples. The reference system with BF 3 ■ MEA used 
as a reference, behaves in a completely different way. 



Table 4. DMT A data obtained from 3,4-epoxycyclohcxylmethyl 3,4-epoxycyclohexane carboxylate containing I phr of different 
lanthanide triflates, different amounts of lanthanum triflate and 3 phr of BF 3 • MEA as catalysts. 



Catalyst 


Init. percent. 


Ionic radii 


Maximum peak 


Maximum peak 


Molecular weight 




phr 


Q 

A 


temperature tan A/? (T M f 


) temperature tan A a (T Ma ) 


between crosslinks M c 






°C 


°C 




Yb(OTf) 3 


1 


0.858 




82 


3 198 


Sm(OTf) 3 


1 


0.964 


-85 


120 


726 


Dy(OTf) 3 


1 


0.908 


-58 


108 


1 153 


Er(OTf)a 


1 


0.881 


-79 


100 


1420 


La(OTf) 3 
La(OTf) 3 


1 


L061 


-76 


113 


921 


1.5 




-71 


88 


1355 


La(OTf) 3 


0.5 




-78 


81 


2014 


BFjMEA 


3 




-74 


147 
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Figure 6. Plot of the correlation of Tm* and T t versus M c for the cured 3,4-epoxycyclohexylmethyl 3,4- 
epoxycyclohcxane carboxylate with the different lanthanide triflates as catalysts. 
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Figure 7. Plot of loss factor (tan S) as a function of temperature of the cured 3.4-cpoxycyclohexyl- 
methyl 3,4-epoxycyclohexanc carboxylate with all catalysts. Tnset: Expansion of the -150-50°C 
temperature range. 
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From the theory of rubber elasticity 1141 and using the 
modulus of relaxed material (E' T ) we can calculate the 
molecular weight between crosslinks (M c ) by applying 
the simplified equation: 



M c = 



30 5 RT 

m 



where 0 is the front factor (considered in this work, 0 = 
1), 6 is the density of the sample, T the Kelvin tempera- 
ture and k the universal gas constant. 

Table 4 shows the values of M c obtained from the mod- 
ulus of relaxed samples for the different initiators used, 
estimated at the temperature of the a-peak plus 30 °C. 
figure 6 shows that there are good correlations between 
the M c and the temperature of the maximum of a-transi- 
tion peak (r Ma ) and between the M z and the DSC glass 
transition temperature (see Table 1). As usual, the T Ma are 
higher than the T B values due to a different definition of 
glass transition and the experimental differences in the 
transition from the glassy to the rubbery states. T Ma of the 
different samples in Table 4 were obtained from the 
experimental spectra of the loss tangent (tan S) versus the 
temperature (Figure 7), 



Figure 7 shows that, besides the a-transition peak, all 
the samples exhibit another broad peak, which in the lit- 
erature is called the p-relaxation. The a-relaxation curve is 
associated to the long-range segmental motions of the net- 
work and to the glass transition temperature phenomena. 
Most authors associate the P-relaxation with restricted 
molecular segmental motions,< ,5 ' 6] The differences 
between the shapes of the a and (J peaks of the samples 
obtained from the different initiators with the values of the 
M z obtained indicate that, although all triflate initiators 
produce apparently full cured epoxy resins, the crosslinked 
structures and the networks formed are not the same. 
Samarium triflate produces the highest crosslinked mate- 
rial and ytterbium triflate produces the lowest. 

We believe that the molecular volume of the initiator 
may affect the crosslinked structures of the cured samples 
and explain the different behaviors. Figure 8 shows the 
degrees of correlation between the radii of metallic ion, 
obtained from the literature' l7 > of the triflate initiators! 
and the maximum of the a-transition peak, and the mole- 
cular weight between crosslinks, M c . These correlations 
are rather good, especially with the T Ma . The maximum 
and minimum that appear in the correlations suggest an 
optimum molecular volume of the triflate initiator. 
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Figure 9.. Storage modulus E' of cured 3,4-cpoxycyciohcxylmethyl 3.4-epoxycyclohexane car- 
boxylatc with different amounts of lanthanum triflate as catalyst versus temperature. 
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Figure 10. Plot of loss factor (tan <5) as a function of temperature of the cured 3,4-epoxycyclohex- 
ylmethy] 3,4-epoxycyclohcxane carboxylate with different amounts of lanthanum criflate. Inset- 
Expansion of the - 150-50 e C temperature range 



Figure 9 and 10 show the storage moduli £' and the of lanthanum triflate. The proportion of catalyst influ- 
ss tangent tan d, of samples with different proportions ences both parameters. Results are best with 1 phr of 
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initiator; lower and higher proportions produce a material 
with lower glass-transition temperature and poorer cross- 
linked networks. 

To sum up, we have proved that lanthanide triflates are 
good candidates for crosslinking cycloaliphatic epoxy 
resins when used at a proportion of 1 phr. From all of 
these, samarium triflate leads to the highest crosslinked 
material, even at the lowest temperatures. This good 
behavior seems to be related to the ionic radius of this 
metal. 

Also, isoconversional kinetic analysis is a good tool for 
predicting the suitable reaction conditions for a complete 
crosslinking. 
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